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statement of problem 


BuShips problem NE 120221, subtask 3 (NEL 2A5): “Investigate problems in oceanog- 
raphy through suitably devised methods, means, and equipments.” This report presents 
the results of physical oceanographic observations made in the southeastern Bering Sea 
during the summer of 1949. 


conclusions 


1. A sharp temperature minimum exists at depths between 100 and 150 meters. It is 
the result of local winter cooling and convection reinforced by a sluggish arcuate 
southeasterly flow of cold winter water across the Bering Sea from the Siberian coastal 
areas. A temperature minimum of this type probably exists throughout the deep Bering 
Sea in summer. 

2. The computed surface circulation is counterclockwise in the area surveyed with 
maximum speeds of about 0.3 knot. 

3. Doubt is cast upon the generally accepted conclusion of a northeasterly surface 
current from between the Komandorski and Near Islands across the central Bering Sea 
to St. Matthew Island. 

4. A well-developed deep sound channel exists in the deep Bering Sea during summer. 
The axis, which occurs around 150 meters in depth, is much shallower than generally 
found in open oceans. 


recommendations 


1. Undertake a program of observation for the central and northwest Bering Sea to 
determine positively the structure and circulation in those regions. 

2. Utilize the Bering Sea as a location for research investigations involving the hori- 
zontal refraction of low-frequency signals and their propagation over ridges and from 
deep into shallow water. 


work summary 


1. A total of 27 water bottle casts, 86 bathythermograms, and 61 surface water 
samples were taken in the southeastern Bering Sea during the summer of 1949 from 
HMCS CEDARWOOD. Temperature, salinity, and dissolved-oxygen content were ob- 
tained at intervals to 1100 meters, in general, with each bottle cast. These data were 
reduced and analyzed. 


The observational program in the deep Bering Sea was under the scientific direction of 
Dr. W. M. Cameron, Pacific Oceanographic Group, Canada, now Director of the Institute 
of Oceanography, University of British Columbia. Personnel participating in the ob- 
servational program were W.M. Cameron, A.J. Dodimead, R.H. Herlinveaux, and 
J. P. Tully (stations 23-30), P. O. G., Canada; E. C. LaFond (stations 23-30), R. M. Lesser, 
J.C. Roque, and J. F.T. Saur, Jr., USNEL. 


It was decided that the data should be reduced at NEL, so the responsibility for the 
analyses and conclusions lies primarily upon the senior author. 


The cooperation of the officers and men of HMCS CEDARWOOD is gratefully 
acknowledged. 


This report covers work to January 1952. 
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PREFACE 


During the months of July and August, 1949, the U.S. Navy Electronics Lab- 
oratory and the Canadian Pacific Oceanographic Group collaborated in a varied pro- 
gram of acoustical and oceanographic research, mainly in the Bering and Chukchi Seas. 
This joint venture was made possible through the cooperation of agencies of the Canadian 
and United States Navies who furnished the vessels and necessary funds for the cruise. 


Oceanographic measurements aboard the United States vessels were taken pri- 
marily for the evaluation of experimental sound-transmission and sound-propagation 
data. The collection of sound data took priority, and oceanographic data could be col- 
lected only when no interference with sound experiments was assured. The time of the 
Canadian vessel was devoted exclusively to oceanography, and the data collected by 
this ship are intended to supplement our present knowledge of the physical and chemical 
characteristics of arctic waters. 


The expedition was made by three ships which formed a small task group under 
the military command of Commander John D. Mason, USN. Dr. Waldo K. Lyon of the 
Navy Electronics Laboratory directed the entire acoustic and oceanographic program, 
with Dr. J. P. Tully of the Pacific Oceanographic Group as senior scientist in charge of 
the Canadian group. 


Participating ships were: 
USS BAYA (AG(SS) 318), under the command of CDR John D. Mason, USN; 


HMCS CEDARWOOD, | under the command of LCDR J. E. Wolfenden, RCN(R); 
USS EPCE(R) 857, under the command of LCDR D. J. McMillan, USN. 


The oceanographic program was divided into three major parts: 


1. Physical oceanographic studies. These were carried on primarily aboard 
HMCS CEDARWOOD and from a shore station at Cape Prince of Wales. Some sup- 
plemental data were collected aboard USS EPCE(R) 857 and USS BAYA. 


2. Oceanographic measurements as adjuncts to, and in support of, sonar work. 
These measurements were taken from USS BAYA and USS EPCE(R) 857. 


3. Sea floor and biological studies. This work was primarily conducted aboard 
USS EPCE(R) 857, with some additional work on HMCS CEDARWOOD. 
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INTRODUCTION 


This is the third* of a series of reports covering 
oceanographic researches made on a joint U.S. - 
Canadian expedition to subarctic and arctic water 
during the summer months of July and August 1949. 
The observations reported here were made from 
HMCS CEDARWOOD by scientific personnel from 
Pacific Oceanographic Group, Canada, and U.S. 
Navy Electronics Laboratory. The program in the 
deep Bering Sea represents an early phase of the 
over-all oceanographic investigations and is herein 
discussed independently of the observations made in 
the shallow Bering and Chukchi Seas. 

The Bering Sea is the largest adjacent sea of 
the Pacific Ocean, and approximately half of it is 
a deep basin with depths of around 2100 fathoms. 
Nevertheless our knowledge of the oceanographic © 
structure and circulation of deep portions of the 
Bering Sea has been very limited because previous 
information was derived from surface observations, 
bathythermograms, and relatively few oceanographic 
stations located within 80 nautical miles of the 
Aleutian chain. 

HMCS CEDARWOOD undertook, in the two and 
one-half weeks available, a program of oceano- 
graphic observations in the southeastern one-third 
of the deep Bering Sea. The sound-velocity structure 
obtained from these observations has been utilized 
in the evaluation of concurrent acoustical tests. The 
structure will also be of value for planning future 
tests and military operations, since great-circle supply 
routes from Unimak Pass to island bases in the 
Aleutians would be defended in the area surveyed. 


*The two previous reports of the series were: NEL Report 
204, Oceanographic Cruise to the Bering and Chukchi Seas, 
Summer 1949. Part I: Sea Floor Studies, by E.C. Buffington, 
A.J. Carsola, and R.S. Dietz, 2 October 1950 and NEL Report 
211, Oceanographic Cruise fo the Bering and Chukchi: Seas, 
Summer 1949. Part Il: Currents, by R. M. Lesser and G. L. Pickard, 
24 October 1950. 


PREVIOUS INFORMATION 


Previous knowledge of the vertical temperature 
and salinity structure was based almost entirely upon 
pre-World War Il observations. Some of the first 
observations to depths greater than 100 fathoms were 
11 serial observations of temperature only, made 
by the U.S. Fish Commission steamer Albatross in 
the years 1893 and 1895.! These observations, which 
were made in conjunction with biological investiga- 
tions, were located in the southeastern corner of 
the deep Bering Sea primarily east of 173° W. In 
the area between 175° W and 172° E and less than 
80 miles into the Bering Sea from the Aleutian chain, 
USS GANNETT occupied twenty oceanographic sta- 
tions — temperature and salinity — in 1933? and USS 
OGLALA occupied nineteen stations in 1935.” In 1934 
USCGC CHELAN made two sections along the con- 
tinental slope between Unalaska Island and the 
Pribilof Islands,? and in 1936 occupied several sta- 
tions along and near the ridge between Attu Island 
and the Komandorski Islands. Some Russian obser- 
vations of 1932-1933° were also located along the 
Aleutian Islands and the fringe of the deep Bering 
Sea on the northwest, but we have’ been unable to 
obtain the basic data for examination. 

After World War Il, in 1948, USCGC NORTH- 
WIND occupied four stations along the chain from 


1C.H. Townsend, Dredging and Other Records of the 
U.S. -Fish Commission Steamer ALBATROSS, Commission of Fish 
and Fisheries, Commission Report no. 1900, 1901. 

2. A. Barnes and T. G. Thompson, Physical and Chemical 
Investigations in Bering Sea and Portions of the North Pacific 
Ocean, University of Washington, 1938. 

3 USS OGLALA, Scripps Institution of Oceanography, Man- 
uscript Records, 1935. 

4T.W. Vaughan, et al., International Aspects of Ocea- 


nography; Oceanographic Data and Provisions for Oceanographic 
Research, National Academy of Sciences, 1937. 

5 G.E, Ratmanoff, On the Hydrology of the Bering and 
Chukchi Seas, Explorations of the Seas of the Far East, Hydro- 
logic Institute, Leningrad, and Pacific Ocean Institute of, Fishing 
Industry, Vladivostok, 1937. 


Unimak Pass to Tanaga Island, but sampled only to 
depths of about 100 meters.® 

During and since World War Il, many bathyther- 
mograph observations were made in the southern part 
of the deep Bering Sea almost exclusively by U.S. 
Navy vessels. Those observations of temperature ver- 
sus depth to 450 feet taken between May 1942 and 
August 1948 have been compiled and analyzed at 
Scripps Institution of Oceanography to show the mean 
monthly and seasonal sea-temperature distributions.‘ 
These data are very sparse north of 54° N. A series 
of bathythermograms taken from USS NEREUS pro- 
ceeding from Adak Island to Si. Paul Island during 
the summer of 1947® provided the only set from this 
region from which a synoptic analysis of tempera- 
ture distribution had been made prior to this report. 

In addition to the above physical observations, 
the U.S. Navy Hydrographic Office has compiled 
drift observations from ships. From these, a stream 
drift chart of the world for the month of July has 
been published, based upon observations received 
over a 30-year period. 

Early investigators generally concluded that the 
character of the water mass in the deep Bering Sea 
was the same as that of Pacific Subarctic Water. 
There was less agreement as to the current structure. 
The conclusions of Ratmanoff® and as modified by 
Goodman, et al.,!° indicate a flow into the Bering 


6 C.W. Thomas, Physical and Zoological Investigations in 
Bering Sea and Portions of the Arctic Ocean (CONFIDENTIAL), 
Coast Guard, 1948. 

7J.G. Pattullo ef al., Sea Temperature in the Aleutian 
Island Area, Scripps Institution of Oceanography, Oceanographic 
Report no. 24, April 1950. 

8E.C. LaFond et al., Oceanographic Measurements from 
the USS NEREUS on a Cruise to the Bering and Chukchi Seas, 
1947; Interim Report (RESTRICTED), NEL Report 91, 25 Feb- 
ruary 1949. 

9 Hydrographic Office, H.O. Publication no. 1400, Stream 
Drift Chart of the World, July (Back of H.O. 1400, Pilot Chart 
of the North Pacific), July 1951. 

10 J. R. Goodman ef al., Physical and Chemical Investiga- 
tions: Bering Sea, Bering Strait, Chukchi Sea, During the Sum- 
mers of 1937 and 1938, University of Washington, 1942. 


Sea through the Aleutian passages, especially be- 
tween the Komandorski Islands and the Near Islands, 
northeastward across the deep Bering Sea to St. 
Matthew Island; a counterclockwise eddy into the 
Oyashio Current serves to return part of the water 
to the Pacific while the remainder flows northward 
through the Bering Strait. On the other hand, the 
Hydrographic Office stream drift chart indicates that 
the flow into the Bering Sea takes place only through 
the narrow passages of the eastern Aleutian Islands 
and that a weak southerly drift out of the Bering Sea 
occurs from the Rat Islands to Kamchatka. The latter 
point of view has been given recent support by 
Scruton (personal communication) from geological in- 
vestigations in the region of Attu Island. 


OBSERVATIONS 


Between 10 July and 26 July 1949, 27 oceano- 
graphic stations were occupied in the southeastern 
one-third of the deep Bering Sea and, in addition to 
the 27 bathythermograph observations taken at the 
oceanographic stations, 59 bathythermograms were 
taken and 61 surface water samples obtained at loca- 
tions between the stations (see Appendix, fig. Al). 

The bottle casts at the oceanographic stations 
were made in the traditional manner using reversing 
water bottles to obtain water samples and reversing 


thermometers to obtain temperatures at 12 estimated 


depths (10, 25, 50, 75, 100, 150, 250, 400, 600, 
800, 1000, and 1100 meters). Surface observations 
were taken with a bucket and calibrated surface 
thermometer. A portion of each water sample was 
analyzed immediately aboard ship to determine the 
concentration of dissolved oxygen. The remainder of 
the water sample was drawn and sealed for later 
laboratory chlorinity titration, as were surface water 
samples obtained with each bathythermograph ob- 
servation at the intermediate locations between oce- 


anographic stations. Data were reduced following 
procedures given by LaFond.1! 

The data are reproduced in the Appendix. These 
include Table 1, Oceanographic Station Data: tem- 
perature, salinity, and dissolved oxygen at observed 
and interpolated depths, plus density (c;), computed 
sound velocity, and dynamic height anomaly (AD) 
at interpolated depths for each oceanographic sta- 
tion and Table 2, Sea-Surface and Meteorological 
Observations. Figures A2 through A6 give the distri- 
bution of temperature, salinity, and dissolved oxygen 
at 0, 50, 100, 250, and 500 meters. The bathyther- 
mograph data, which were used primarily in the 
analysis of acoustical tests, and also in the inter- 
pretation of temperature data in the near-surface 
layers of oceanographic casts, are not reproduced 
here but are on file at the U.S. Navy Hydrographic 
Office, Washington, D. C. 

At a number of stations the oceanographic data 
do not extend to a depth of 1100 meters as in- 
tended. Because of severe weather conditions during 
the midpart of the survey (stations 7 through 22) and 
in spite of maneuvering the ship on station to reduce 
wire angle, much difficulty in making the casts and 
premature tripping of the water bottles were encoun- 
tered due to the ship’s roll. As a result, during the 
reduction and analysis, a considerable number of 
data had to be discarded as erroneous. Of the re- 
ported data, the temperature-salinity relations were 
found to be consistent, but in some cases the ob- 
served depths are of uncertain reliability because 
the functioning of unprotected thermometers seemed 
erratic. In these cases, the curve giving the best fit 
to the thermometric depths might result in a differ- 
ence between the adopted depth and thermometric 
depth of 10 to 20 meters at greater depths, whereas 
a difference of less than 10 meters should be ex- 
pected. These data have been included with appro- 
priate notations. 


11£,.C. LaFond, Processing Oceanographic Data, Hydro- 
graphic Office, 1951. 


WATER MASS AND STRUCTURE 


As was indicated by previous investigations, the 
water mass of the deep Bering Sea as defined by 
the temperature-salinity relation is of the same char- 
acter as the Pacific Subarctic Water which occurs 
immediately south of the Aleutian Islands. An ex- 
ception to this generality occurs especially between 
100 and 200 meters, where there is a pronounced 
temperature minimum with a temperature usually 
less than 2.5° C. (See fig. 1 for the vertical distribu- 
tion of temperature, salinity, and dissolved oxygen 
at station 19 which is typical of most of this area.) 
Around 200 meters both the temperature and salinity 


increase sharply and the temperature reaches a flat 
maximum of 3.6° C between 300 and 400 meters. 
Below 400 meters the water mass is practically 
identical with that of Pacific Subarctic Water. The 
dissolved-oxygen content is high from the surface to 
a depth around 150 meters and decreases rapidly 
below that depth. The content remains around 0.5 
ml per liter from around 600 meters to the limit of 
the observations, which is typical of adjacent areas 


of the Pacific. 
Only at station 23, which is but 20 nautical miles 


north of the Aleutian chain, did the temperature 
minimum fail to appear. A very weak temperature 
minimum about 3° C or none at all appears in the 
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Figure 1. Vertical distribution of 


temperature, sajinity, and dissolved 


oxygen, station 19. 


Figure 2a. Temperature minimum, © C. 


Figure 2b. Depth of temperature min- 


imum, meters. 
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neighboring area south of the Aleutian Islands.?'” 


The region of the North Pacific having nearly the 
same vertical structure as the deep Bering Sea is 
just southeast of the Okhotsk Sea as shown by Car- 
negie station 119, 700 nautical miles to the south- 
west of Attu Island, which has a minimum of 1.6° C 
at 100 meters.1* As will be discussed later, the 


12 USS BUSHNELL, Observations in 1933, Scripps Institu- 
tion of Oceanography, Manuscript Records, no date. 

13 J. A. Fleming ef al., “Observations and Results in Physi- 
cal Oceanography, Graphical and Tabular Summaries” (In: 
Carnegie Institution of Washington, Department of Terrestrial 
Magnetism, Scientific Results of Cruise VII of the Carnegie 
during 1928-1929 under Command of Captain J.P. Ault), Oce- 
anography, 1945. 


( 
t 
\ 
\ 
\ 


PACIFIC SUBARCTIC WATER 
ar iat 


32.5 33.0 33.5 34.0 


SALINITY °/ 00 


| Geog 


Carnegie stations show that 600 nautical miles 
east-northeastward from station 119 toward Adak 
Island, the temperature at the minimum has increased 
to greater than 2.5° C and the minimum then dis- 
appears. 

The horizontal character of the temperature 
minimum in the deep Bering Sea can be seen from 
the distribution of temperature and depth at the 
minimum surface (figs. 2a and 2b), temperature- 
salinity relationships at selected stations (fig. 3), and 
from selected vertical sections (figs. 4, 5, and 6). In 
general, the minimum exhibits a core or tongue-like 
distribution, with the temperature increasing from 
northwest to southeast. The depth of the main tongue 
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Figure 3a. Temperature-salinity rela- 
tions at selected stations along axis of 


minimum temperature tongue. 


Figure 3b. Locations of sections shown 


in figures 4, 5, and 6. 
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Figure 6a. Vertical distributions of temperature, section III (see figure 3b for locations). 
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Figure 6b. Vertical distributions of salinity, section Ill (see figure 3b for locations). 
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Figure 7a. Temperature maximum, ° C. 


Figure 7b. Depth of temperature max- 
imum, meters. 


is nearly constant between 100 and 150 meters and 
the depth increases as the minimum degenerates. 

The uniformity of temperature at the maximum 
is indicated in figure 7a. The depth of the maximum, 
figure 7b, is less significant than that of the minimum 
because the maximum is very flat, but a trend is 
observed similar to that of the depth of the tempera- 
ture minimum. Below this maximum, both the hori- 
zonal and the vertical gradients of temperature and 
salinity are small. 

Possible explanations of the temperature mini- 


mum are: (1) it is the result of winter cooling and > 


convection currents to the depth of the minimum; 
(2) it is caused by deep water forced towards the 
surface in some manner; (3) it is the result of a flow 
from another region. 

At first sight, it would appear that the tem- 
perature minimum represents the depth to which con- 
vection currents penetrated in winter, especially when 
it is also noted that the salinity becomes nearly 
constant at and above the temperature minimum and 
that the oxygen content is relatively high to this 
depth. However, the average minimum temperature 
of the mixed layer in this region during the winter 
is about 2.8° C." It therefore seems improbable, even 
assuming below-normal winter temperatures, that the 
minimum temperatures of 2° C and less observed 
during the summer at depths less than 200 meters 
can be explained solely by winter cooling. 

The possibility that the water is deep water 
forced toward the surface by topographic features 
or other cause is ruled out by its low salinity. There 
then remain to be examined possible sources from 
which a flow of cold low-salinity water could occur 
to reinforce the effect of local winter cooling. 

The aforementioned degeneration of the tem- 
perature minimum from the Okhotsk Sea seems to 
rule out the possibility that any water moving into 
the Bering Sea between the Komandorski and Near 
Islands and east along the ridge would be respon- 
sible for the minimum. In fact, it was suggested by 
Sverdrup?* that “this water (at the Carnegie Sta- 
tions) of very low temperature probably comes from 


14 J. A. Fleming ef al., Observations and Results in Physi- 
cal Oceanography (vol. I-B of Scientific Results of Cruise VII of 
the CARNEGIE during 1928-1929 under Command of Captain 
J.P. Ault; Oceanography), Carnegie Institution of Washington 
Publication no. 545, Department of Terrestrial Magnetism, 1945. 


the Bering Sea, where it has entered the Pacific 
Ocean, and partly spread toward the east.” 

The origin of the cold water thus appears to 
be in the Bering Sea which has ample areas for the 
formation of such a water type in the Bristol Bay 
area, Olyutorski Gulf, and the Gulf of Anadyr- 
Norton Sound area. Barnes and Thompson? have 
eliminated the Bristol Bay area, as a possible source, 
and this is confirmed in the present data by the 
configuration of the minimum. The Gulf of Anadyr- 
Norton Sound area, which is the most extensive of 
the above, is almost solidly covered with young sea 
ice during the winter.'° Observations of February 
19511 showed vertically uniform water of a tem- 
perature of —1.75° C and salinities around 32.5 °/ 
to 33.0°/o9 in the region of the young sea ice 
north from St. Matthew Island and around St. Law- 
rence Island. Comparable conditions probably occur 
throughout the ice-covered regions along the Siberian 
coast which include Olyutorski Gulf. A source in 
these regions would be in agreement with the con- 
figuration of the feature indicating movement from 
the northwest (figs. 2a and 5) and with the T-S re- 
lations (fig. 3) which show that it would have a 
salinity of about 33.1 °/o9 and temperature of less 
than 1.3° C. During the summer, water of less than 
0° C has been observed to the southwest of St. 
Lawrence Island’ on several occasions but as a sub- 
surface mass having less vertical extent. Although 
surface heating probably accounts partially for the 
decrease in thickness, some sinking and spreading 
of this winter water mass could easily occur because 
of the surface spreading of warmer low-salinity 
coastal waters which develops during the spring and 
summer. The present observations thus indicate that 
the minimum is created, at least partially, by the 
slow spreading of cold water at subsurface depth 
south and southeastward in a counterclockwise arc 
from the coast of Siberia or northern Bering Sea 
into the southeastern Bering Sea. A corollary to the 
above interpretation is that the minimum is a wide- 
spread feature existing throughout the major portion 
of the deep Bering Sea in summer. 


15 Hydrographic Office, Ice Atlas of the Northern Hemi- 
sphere, H.O. Publication no. 550, 1946. 

16 USS BURTON ISLAND (AGB-1), Bering Sea Expedition, 
Winter 1951 (CONFIDENTIAL), March 1951. 


RETNA ON HEED 


Figure 8a. Circulation of surface com- 
puted relative to the 500-meter surface. 
Dynamic height anomaly extrapolated 
into shallow water at stations 2 and 30. 
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CIRCULATION 


The surface currents resulting from the distri- 
bution of mass —this excludes tidal currents and 
wind drift currents —are indicated by the dynamic 
topography of the surface over the 500-decibar sur- 
face (fig. 8a). Ideally, the reference surface should 
be at the depth of no motion, so that the computed 
currents would be the true currents caused by the 
distribution of mass. The 500-decibar surface has 
been used here because few data are available 
below that depth along the northwest line of sta- 
tions. Where data are available to the 1000-decibar 
surface, at which the currents are negligible,” the 
pattern of surface current referred to this surface is 
not changed and the speeds are increased only 
about 15 per cent. 

North of the Andreanoff Islands is an easterly 
flow of about 0.15 knot which backs to northeasterly 
and starts toward the Pribilof Islands. At the 55th 
parallel it meets and reinforces a strong westerly 
flow of 0.3 knot off the shelf forming an eddy con- 
figuration apparently returning toward the shelf. 
Unfortunately our observations do not extend far 
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enough to indicate whether it again turns north- 
westerly or flows onto the shelf. 

The surface salinity distribution (fig. A2b) agrees 
well with the currents from the dynamic topography. 
A pronounced tongue of low-salinity water (less than 
33.00 °/o9 extends into the Bering Sea with its axis 
along the strong westerly flow. The dynamic topog- 
raphy of the 150/500 decibar surface (fig. 8b) indi- 
cates at 150 meters a weaker but similar circulation 
—about 40 per cent of that at the surface — which 
would indicate that this westerly flow and associated 
low-salinity tongue is not a shallow transient feature 
but a semipermanent feature of the circulation. The 
weak southeasterly flow indicated in the western 
part of the region confirms the interpretation given 
earlier of the movement of water at the temperature 
minimum. 

With reference to previous conclusions as to 
currents, the weak westerly component of 0.1 knot 
found by Barnes and Thompson? about 40 miles 
north of the Andreanoff Islands did not appear as 
a widespread feature in our observations, although 
station 22 seems to be associated with a small eddy. 
It can be concluded that this westerly component 
was probably associated with a small feature evi- 
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Figure 8b. Circulation of 150-meter 
level computed relative to the 500-meter 
surface. Dynamic height anomaly ex- 
trapolated into shallow water at sta- 
tions 2 and 30. 
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dent from their closely spaced observations, but 
masked by the more general circulation obtained by 
our more widely spaced observations. The higher 
east and northeasterly speeds observed near the 
islands by Barnes and Thompson are in good agree- 
ment with our observations, as these would be re- 
quired by continuity to supply the water for the 
northeasterly flow. 

Our observations do not extend far enough to 
the northwest to verify or contradict the northeasterly 
flow from west of the Near Islands to St. Matthew 
Island. If the earlier proposed circulation of the 
water creating the temperature minimum is assumed 
to be correct, some doubt is cast upon the validity 
of any appreciable northeasterly surface current in 
the central deep Bering Sea because a large velocity 
shear would have to be present between 150 meters 
and the surface. It seems more likely that the greatest 
shear would exist at the interface between surface 
layers and the subarctic Pacific water which is at 
200 to 300 meters. It would appear that there is no 
appreciable surface current in the central deep 
Bering Sea, but that an extremely slow drift of water 
to the northeast might occur at levels between 300 
and 1000 meters. Thus the surface inflow of Pacific 


water through the passes of the eastern Aleutian 
Islands, plus the deep inflow between the Koman- 
dorski and Near Islands, and the river inflow would 
have to balance the outflow of the northerly current 
through Bering Strait and the Oyashio current. A 
future extension of observations northwestward to 
the International Boundary, or to the Siberian con- 
tinental shelf, if possible, seems necessary to resolve 
this question. 


SOUND VELOCITY 
surface layers 


Of all oceanographic factors, probably the most 
important, role is played in military operations by 
the sound-velocity structure in the surface layer. 
Generally speaking, the sound-velocity structure in 
the surface layer is subject to diurnal effects and 
short-period variations of less than a month because 
of the influence of atmospheric conditions. In the 
Bering Sea in summer, the diurnal effects are nearly 
negligible because of the persistent stratus overcast. 

The character of the sound-velocity structure can 
be seen by examining the vertical velocity distribu- 
tions computed from the data obtajned by bottle 


casts at selected stations (fig. 9). In a few cases, 
negative temperature and sound-velocity gradients 
started at the surface, as at station 23. These were 
generally along the Aleutian chain and in the south- 
eastern section. Farther away from the chain, a mixed 
layer of the order of 20 to 25 meters in depth oc- 
curred at every station, the layer becoming slightly 
less deep near the edge of the continental shelf. 
Depending upon the slight variation of gradients in 
temperature and salinity, this mixed layer at times 
might be an isovelocity layer, as at station 20. At 
other times, when well mixed, it would have a weak 
positive sound-velocity gradient, as at station 26. In 
these latter two cases, long sonar ranges on surface 
ships and submarines above layer depth are pre- 
dicted from the sound-velocity structure. However, 
on this cruise this surface layer and the accompany- 
ing long predicted ranges were coincident with fairly 
high sea state of about 4 and 5, which in turn re- 
duces the effective ranges. Because of the stratus 
overcast these mixed layers would persist much longer 
than average after the wind decreased. Thus, it can 
be concluded that ranges would be limited by sea 
state and that usually, in the absence of high sea 
state, surface sound ranges in the deep Bering Sea 
would be above average compared with summer 
ranges in other parts of the north Pacific Ocean. 


deep sound channel 


The most striking feature of the sound-velocity 
distribution is the deep sound or Sofar channel. This 
channel is directly related to the temperature mini- 
mum but does not necessarily coincide with it, »be- 
cause of the effect of pressure and salinity on sound 
velocity. 

The axis of the sound channel —the depth of 
minimum velocity — is at a depth of 75 to 200 meters 
and the velocity at the axis increases from northwest 
to southeast (fig. 10). This is a very shallow depth 
compared with that occurring most generally in the 
open oceans; for example, the sound-channel axis 
over the major portion of the northeast Pacific Sofar 


VELOCITY, STA. 23 STA. 20 STA. 26 
FT/SEC ae 10 20 30 4800 10 20 30 4800 10 20 30 40 


300 


a 
° 
is) 


DEPTH, METERS 


900 


Figure 9. Sound-velocity structure, computed 
from data obtained by bottle cast, at se- 
lected stations (see figure 3b for locations). 
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network area is at a depth below 400 meters.!” In 
the Gulf of Alaska during winter the sound-channel 
axis is at a depth of around 100 meters, but the 
channel is weak. On the contrary, though compar- 
atively shallow, the channel of the deep Bering Sea 
is strong. The angle of the limiting ray (defined as 
the angle of departure at the axis of the ray which 
becomes horizontal at the top of the channel — see 
reference 17 for detailed definitions) is between 8° 
and 10°, which is comparable to the region between 
35° and 45°N in the northeast Pacific. The width 
of the channel (vertical distance between top and 
bottom) is generally less than 900 meters. 

A similar sound channel occurring at shallow 
depths has been reported in Canadian Atlantic 
waters of the Bay of Fundy, Gulf of St. Lawrence 
and the Scotian Shelf during the summer and autumn 
months.!® The depth of the axis in those waters is 
50 to 75 meters, but the channel is generally bottom- 
limited because of the shallow depths occurring in 
that region. The Bering Sea, however, is much deeper 
than most of the aforementioned Atlantic region and 
the channel caused by refraction of sound is not 
bottom-limited. The bottom of the channel is as 
shallow as 600 meters at a few stations and, by 
extrapolation, not deeper than 1200 meters at the 
remainder, Recent unpublished observations in the 
Gulf of Alaska taken on the Northern Holiday 
cruise!” indicate a strong channel in that region with 
the axis around 75 meters, and one also occurs in 
the far northwest Pacific off the Okhotsk Sea and 
the Kamchatkan Peninsula. Because of their shallow 
depth, such sound channels are favorable for ship- 


17E.R. Anderson, Preliminary Study of the Deep Sound 
Channel in the Area Covered by the Eastern North Pacific 
SOFAR Network, Naval Research Laboratory, U.S. Navy Journal 
of Underwater Acoustics, vol. 1, no. 1 (RESTRICTED), January 
1951, pp. 75-86. 

18 W. B. Bailey ef al., Sound Channels in Canadian Atlantic 
Waters (RESTRICTED), Canada, Atlantic Oceanographic Group, 
13 November 1950. 

19 W.S. Wooster, Operation NORTHERN HOLIDAY, August- 
September 1951; A Preliminary Report, Scripps Institution of 
Oceanography, Reference no. 51-46, 15 November 1951. 


to-ship transmissions at long ranges.7° Since a sub- 
marine can dive to depths well within the upper part 
of the sound channel, transmission between subma- 
rines might be accomplished at even greater ranges. 

The sound conditions in the deep Bering Sea 
would be particularly adaptable to a Sofar network. 
Cables to hydrophones would be short because the 
channel is shallow, the bottom slopes at the Aleutian 
Islands are steep, and protected bays are available 
for cable-landing sites. Stations could be located 
along the Aleutian Chain, and it is possible that a 
station could be located at the Pribilof Islands which 
are relatively near the edge of the continental shelf. 
The axis of the sound channel appears to rise across 
the edge of the shelf although it approaches very 
near the bottom, so that it is possible that reception 
would be satisfactory at such a location. More de- 
tailed oceanographic observations and actual acous- 
tic tests would be required in order to verify this. 

Because of the lack of traffic in the region, 
operational use of such a Sofar network would not 
be practical except in case of war. However, the 
region might profitably be used in peacetime for 
research and experimentation on the propagation of 
Sofar signals. The horizontal gradient in sound ve- 
locity at the axis, of the order of 15 feet per second 
per 100 nautical miles, offers an opportunity to study 
horizontal refraction effects. Much interest lies also 
in the effect of seamounts and ridges upon the prop- 
agation of the signal. Northwest of Adak there is 
a continuous ridge of some 200 miles long of varying 
minimum depth around 400 meters over which such 
tests as desired could be made. The fairly regular 
continental slope and flat Bering Sea shelf provide 
an excellent location for examining the change of 
the sound channel and sound propagation entering 
from deep into shallow water. For such investigations 
the Bering Sea — though remote — should be consid- 
ered as a test area because of the favorable sound 
conditions and because Navy bases from which ships 
could operate do exist in the region. 


20K. V. Mackenzie, Long-Range Sound Transmission in the 
Deep Bering Sea (CONFIDENTIAL), NEL Report 280 (in press). 
* Computed according to reference 11. 


SUMMARY OF CONCLUSIONS 


1. In the southeastern Bering Sea, a sharp tem- 
perature minimum exists at depths between 100 and 
150 meters. This minimum is the result of local winter 
cooling and convection reinforced by a_ sluggish 
arcuate southeasterly flow of cold winter water across 
the Bering Sea from the Siberian coastal areas. It 
probably exists throughout the deep Bering Sea in 
summer. : 

2. The water below 400 meters is a horizontally 
uniform Pacific Subarctic water mass. 

3. The surface circulation is generally counter- 
clockwise in the area surveyed, with maximum surface 
currents of about 0.3 knot. 

4. Some doubt arises as to whether the gen- 
erally accepted theory of northeasterly surface cur- 
rent from between the Komandorski and Near Islands 
across the Bering Sea towards St. Matthew Islands 
is correct. Future observations in the central and 
northwest deep Bering Sea are desirable in order to 
resolve this problem. : 

5. Surface sonar ranges in the deep Bering Sea 
during summer would be long except where limited 
by high sea state. 

6. A well-developed deep sound channel exists 
in the deep Bering Sea during summer, its axis being 
at depths of about 150 meters. It is unusual because 
the axis occurs at this shallow depth, the channel is 
not bottom-limited, and an appreciable horizontal 
gradient of sound velocity occurs along the axis. 

7. The deep sound channel in the Bering Sea 
would be favorable for research investigations con- 
cerning horizontal refraction of Sofar signals and 
their propagation over ridges and from deep into 
shallow water. 


RECOMMENDATIONS 


1. Undertake a program of observation for the 
central and northwest Bering Sea to determine posi- 
tively the structure and circulation in those regions. 

2. Utilize the Bering Sea as a location for re- 
search investigations involving the horizontal refrac- 
tion of low-frequency signals and their propagation 
over ridges and from deep into shallow water. 
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appendix: detailed oceanographic data 


Data for Oceanographic Stations 
Sea-Surface and Meteorological Observations 


Location of Observations, Deep Bering Sea, Summer 1949 
Temperature, Surface 
Salinity, Surface 
Oxygen, Surface 
Temperature, 50 Meters 
Salinity, 50 Meters 
Oxygen, 50 Meters 
Temperature, 100 Meters 
Salinity, 100 Meters 
Oxygen, 100 Meters 
Temperature, 250 Meters 
Salinity, 250 Meters 
Oxygen, 250 Meters 
Temperature, 500 Meters 
Salinity, 500 Meters 
Oxygen, 500 Meters 
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Figure A2c. Oxygen, surface. 


OXYGEN ml/I 


50 meters. 


Temperature, 


igure A3a. 


F 


50 meters. 


inity, 


. Sal 


igure A3b 


rr 


a 
2 
o 
2 
o 
E 
fo) 
ie) 


Oxygen, 


A3c. 


igure 


F 


3.5 


3.54 3:21 
Figure A4a. Temperature, 100 meters. 


TEMPERATURE ©C 


33.26 33,26 33.2 
33,28 
33.22 
33,20, 
33.26 
33.28 
am 
i ini 33.33 
Figure A4b. Salinity, 100 meters. (43.20) Ay, & ) 
33.3N, be kehehs \ s 
S 33,24 33,3 33,233.1 
33,31 3.2 
ae 33.28 SEC 
bk CT Tiare 
s ae i Ss 
a 33. 
33,35 33.307 ~\.33.30 
>= 33.3 
33.4 33.51 
33. 
4 33.35 
N 
33.4 
SALINITY °/ ou) 
7.0 


Figure A4c. Oxygen, 100 meters. 


36 


OXYGEN ml/I 


36328 358) 
\ 321 
3.65 \ a= 33 
\ f° (3.51 ——3.4 
\ 
3.6 \ 
3.64 
x 3.605 
\ 
3 3.56 
3,30 3.64 
\ 
oe \ Figure A5a. Temperature, 250 meters. 
~ 3.64 
N. 
RS I 
3.52 356° 3.60 1 
~ 
See 1 
~ i) 
3.54 \ 
3:46)" 370) 
N I. 
3.6 3.6 
e 
TEMPERATURE °C 
7 
VY 33.63 33.66 


3.3 
33.76 
337 
33.68 33.59 0 
ee 93.6 
col 33,63 Figure A5b. Salinity, 250 meters. 
33.73 
33.6 
33.75 
SALINITY °/oo 


3:64 
Figure A5c. Oxygen, 250 meters. 


OXYGEN mi/I 37 


Se 


SSSGRs 
VEGA 


os 


C3 


oN 


500 meters. 
500 meters. 
500 meters. 


Temperature, 
Aéb. Salinity, 
A6éc. Oxygen, 


igure 
igure 


Figure Aéa. 
Fi 
F 


38 


SWZ wW3]q°d 13N 
LZZ0ZL IN 


“WAM ‘UosawD> “Al 
fv “P}9s40D III 
‘Wa ‘498827 “I 

“ag “Lcacp ‘anpg + 


AydosBounax9 — vag Buiseg °| 


"WM ‘uosawD> “A 
HV “PIOs4PD “AI 
“WY ‘49SS897] “]] 


ap “Lac ‘unos + 


AydoisBounax9 — vag Buiseg “| 


‘sowwins Bulinp 
pag Bulag deap ayy u! sysixa jauuDYy> pUuNos daap pado 
-[PA@P-|]aM D (p) ‘sysIxe Ajjony2D puis; MA4HOW 4S OF DES 
Buiag [b4yuad out ssO13D spubd|s| ipeNY puD 1{s1OPUDWOY 
uaeMjeq Wo1y jUaIIN2 a2DjINS Ajsaysoayjiou paydas2p Ajjosa 
-uaB ayy seyjaym Of SD yqQnOp seuUlOs s! 2194} (€) ‘asiayr0}2 
-J9jUNOD $1 UOIYD]NII19 edojsns payndwos ayy (Z) ‘s1asoW OSL 
PUD OO, ueemseq syidap 4D sunds0 wnwiuiw aunyosadwiay 
dipys © (|) :248M Suoisnjzu0d UIDW ay] *pezAjouD a13M 
6ré6l j° JawWNsS Buy Buiinp bes Buiieg UsaSDSYINOS ayy ul 
| apow suoypAsesqo 214ydD1Boupa20 jpaiskyd jo syjnses ayy 


| TS6l oun 9 
| “sBy pup ‘dd gp -uosawD> “WM PUD ‘DjOsIDD “f "V 44aSSa] 
wou “ap “npg “Leaf Aq ‘IIL Hed "6761 YAWWNS ‘SVAS 
IHDNNHD GNV ONG FHL OL ASINAD JIHAVYOONVIAIO 
*B6zZ ysoday “Auoyos0g0] s21U01499]9 AADN 


GqLOILS3a— 


‘szawuins Buiinp 
bag Bulag daap ayy ui sysixa jauuDYy> punos deap pedo 
-]PA@p-|jaM D (fp) ‘sysixe@ AjjoNyID pu_ys; MAYHDW 4S OF D2S 
6Buiag |P4yua> 944 ssO13D spubjs| 4DeN puD !yssOpuDWOY 
uaamjeq wos jUasIN> e2DjiNs AjJaysDayjsOU perdassp Ajjo12 
-uaB yy JOUJaYM OF SD 4qnOp aWOs sI S19y4 (€) ‘asimyrQ]> 
-494UNOD SI UO!yOIND4!2 a2Djins payndwior ayy (Z) ‘sseyoW OSL 
PUD QOL Yeemjeq syidap 4D ssnd20 wawiulW ainydsaduiay 
dupys © (|) :a4@M suolsnjzu0> ulnW ayy “pazAjDUD 218M 
Gy6L 4O sQwUINs auy Buiinp pag Bulsag usayspayynos ayy u! 
apow suoypAsesgo 214dDsBoupac0 jpoiskyd jo syjnsea ay) 


“S61 oun 9 
| “sBy pun -dd Op ‘uosawn> “Ww PUD ‘DjOsIDD “fF “y ‘48ss27 
Wd “aE ‘nog “14 f Aq ‘INT 42d *676L YAWWNS ‘SV3S 
| IHDANHD GNV ONIY3G 3HL OL 3SINYD SIHdVIDONVIIO 

*86Z ysoday “A10yD10qD] s2iu01j9219 AAD) 


SV¥Z We|qed 14N 
L%Z0Z1 IN 


“W'M ‘Yos2UIDD “AI 
“fv ‘DJosiD> “111 
"WY 498597 “I 

up “Lcdag ‘aang 


Aydvs6ounax9 — dag Buieg -| 


Sve weqel1d 13N 
lZZOZL IN 


"W'M ‘uouauiD> “AI 
"EV ‘EjosDD “411 
"Wd “488527 “11 

af “L47f ‘anos + 


AydvsBounas9 — dag Buiiag “| 


ssawuns Buiinp 
Dag Bulag daap ayy us sysixa jauuDYy> punos deap pado 
-|PAap-[jam D (fp) ‘sysixa AjjonjaD puDjs; MaYHDW “IS OF DES 
Bulsag |Dsjua> ayy ssos2D spuDjs] 1DeNV puDd 1yssopunWoy 
usemjaq Wwo1jy jUadIND B2DyINS Ajsayspayyiou peideasD Ayjose 
-uaB ayy sayjyaym Of SD yqnop aus si aay (E) 1AS!Mx20]2 
-49JUNOD SI _UOI}D]NdI419 BIDjins payndwiod ayy (Z) ‘ssayawW OGL 
PUD QOL UYeemjeq syidap yo sand90 WnuUIW aunjosaduiey 
dipys D (|) :249M suolsnjou0> ulDW ayy “pazAjpbUD 218M 
6Y61 JO sawwns ayy Bulinp Dag Bursieg usayspayynos oys U! 
appw suoljpAsasqo 214dpsBounar0 jprisAyd yo syjnse1 oy) 


“TS6L 2uNf 9 

“sBy pup dd Qp “uoiawiD> “WM PUD ‘DjOSIDD “f “YW ‘488597 

Woe “ae “anos “14 f Aq ‘IIL 42d *6¥6L YAWWNS ‘SV3S 

IHDXNHD GNV ONIA3d FHL OL ISINYD DIHdVADONVIADO 
"96z juoday *Asoyos0qp] s1u0sjo213 AAD 


Gaiote1s3a 


‘sawuins Buiinp 
pag Bulag daap ayy us sysixa jauuDYy> punos daap pedo 
-|PAap-|]am D (p) ‘sysixe AjjonjoD puD_js; ME4HOW “4S OF DES 
Buliag jDsjua> 24} ssos2D spuDjs] 1DaNj PUD !ysIOPUDWOH 
uaemjaq wos, yUaIINI adDjINS Ajsayspayysou pesda22D Ajyo42 
-uaB ayy 1a4yjayM 0} SD yqnop autos si asayy (E) ‘eS!M%20)2 
-J9JUNOD SI UOLYD|NIIID SIDjINS peynduios aus (Z) ‘saeyow OSL 
PuD QOL UYeemjaq syidap 4D sund290 winuwiulW ainyoiadwiay 
dipys D (|) :24aM suo{snjzu0> uD a4) *pezAjpuD 318M 
6761 Oo sewwns ay Bulinp Dag Bulsag useyspayinos ayy U} 
apow suoljpAsesqo s14ydosBouDe20 Joriskyd jo syjnsas ayy 


“TS6L ount 9 
“sBy pup ‘dd Qp ‘uosawod “WM PUD ‘DjOSIDD “f “V 41aSS2] 
‘wou “ap “anog “Ld 6 Aq “IN 442d *676L YAWWNS ‘svas 
IHDNNHD GNV ONIId JHL OL ASINAD DIHdVADONVIIO 


*96z jsoday *A10yD10q07 s21U04}99|3 AADN 


NAVY — NEL, San Diego, Calif. 


